Ebola outbreak was the most sustained in history. In Guinea, we compared trends in family planning, antenatal care, and institutional deliveries over the period before, during and after the outbreak. Results: Utilization of family planning declined from a monthly average of 531 visits during the pre-Ebola period to 242 visits in the peak month of the Ebola outbreak (51% decline) but recovered in the post-Ebola period. From a monthly average of 2053 visits pre-Ebola, antenatal care visits declined by 41% during Ebola and then recovered to only 63% of the pre-Ebola level (recovery gap of 37%, p<0.001). From a monthly average of 1223 deliveries pre-Ebola, institutional deliveries also declined during Ebola and then recovered to only 66% of the pre-Ebola level (p<0.001).
Introduction
The 2014/2015 Ebola outbreak was the most sustained and severe Ebola outbreak in history, mainly affecting the West African countries (i.e., Guinea, Sierra Leone and Liberia). 1 Spreading to 10 countries worldwide with 28 646 cases and 11 323 deaths, WHO declared it a global public health emergency. Guinea reported a total of 3811 cases and 2543 deaths. 1, 2 Even prior to the Ebola outbreak, Guinea faced weakness in the health system and a severe shortage of qualified health workers. 3 With a population of over 11 million inhabitants, 4 the country had only one physician and one nurse per 10 000 population, a 25-fold lower ratio than in the USA. 3, 5 This low ratio of health care providers to population deteriorated further due to the high rate of Ebola infections and deaths among healthcare workers (192 Ebola infections with 86 deaths). 1 Multiple studies have revealed the detrimental effect of the outbreak on public health and health systems in West Africa. [6] [7] [8] [9] [10] There have been reports of declines in antenatal care (ANC) and family planning visits, institutional deliveries, malaria consultations and surgical interventions. [7] [8] [9] [10] Deterioration in the quality of HIV/ AIDS care 11 and a four-fold increase in avoidable all-cause mortality have also been reported. 12 The effect of the Ebola outbreak was particularly detrimental to reproductive health services, which are fully dependent on functional and accessible health facilities. Since these services often require direct contact with patients and handling their blood or other body fluids, health staff may have detracted from these activities due to fear of contracting Ebola. 7, 13, 14 This is all the more plausible since health worker protection measures were inadequate under the Ebola outbreak. 15 Community quarantine measures, distrust and fear of contracting Ebola at health facilities and repurposing all existing resources to Ebola control efforts might have also negatively affected access and utilization of reproductive health services. 12, 16 Upholding reproductive health activities is critical in an Ebola outbreak. For example, since Ebola infection in pregnancy is associated with high maternal mortality and a nearly 100% incidence of fetal death, 17 pregnancy prevention through access to family planning is of paramount importance. Similarly, a situation such as an Ebola outbreak should raise a high need for maternal preventive and emergency care including antenatal and emergency obstetric services such as caesarean sections. 18 Failure to do so may affect maternal and newborn outcomes.
The pre-Ebola national health statistics showed that Guinea was experiencing gains in reproductive health, though most of the indicators were still challenging. 4 Assessing the possible effect of the Ebola outbreak on reproductive health services in Guinea is therefore key to guiding post-Ebola interventions for reproductive health improvement. A rapid manner of assessing such an effect is to evaluate whether utilization of these services differed before, during and after the outbreak. A PubMed search revealed no study that has assessed the effect of the Ebola outbreak on the three pillars of reproductive health services, i.e., family planning, antenatal care and institutional deliveries.
We concurrently assessed the comprehensive effect of the Ebola outbreak on facility-based reproductive health services in Macenta, the district with the highest Ebola caseload nationwide, through comparing trends in the following services across the time periods of before, during, and after the Ebola outbreak: family planning visits and methods accessed, antenatal care visits, institutional deliveries including caesarean section, and maternal and newborn outcomes of institutional deliveries.
Methods

Study design and setting
We carried out an ecological study comparing routine service data.
General setting
Guinea lies in West Africa and has a population of approximately 11 million inhabitants. The majority of the population is illiterate (67%) and 55% of inhabitants live under the poverty line. 19 The country is bordered by Liberia and Sierra Leone, the two other countries most affected by Ebola during the 2014/2015 outbreak. Guinea has one of the highest maternal mortality ratios in the world estimated at 610 per 100 000 live births (compared to a country like Sweden with two per 100 000). 19 The total fertility rate is 4.9 and neonatal mortality is 36 per 1000 live births. 4 Utilization of modern family planning methods was 5% whilst ANC attendance for three or more visits was estimated to be 57% in 2012. 4 Facility-based deliveries represented 40% of all deliveries. About 2% of all institutional deliveries were by caesarian section. 4 Specific setting and study site Macenta district, located in rural southern Guinea, was the study site. It has 14 sub-districts and the urban town of Macenta. Each of the 14 sub-districts has a health center that refers patients to the Macenta district hospital. There are four urban health centers located within the proximity of the district hospital and a total of 68 health posts. The district has a population of about 278 456 inhabitants. The first Ebola case in Macenta was reported on 14 March 2014 and the last case occurred on 25 February 2015. 20 The country was declared Ebola free on 29 December 2015 although a few sporadic cases were identified in a different district in 2016. 21 Macenta reported a total of 744 (19.6%) of the 3804 cases reported in Guinea with the peak month being September 2014. The case fatality rate in the district was 66%. There were 13 health care workers infected, with 11 deaths. 20 Management of Ebola cases was restricted to a dedicated Ebola treatment center.
Reproductive health services in Macenta district
Reproductive health services are provided in accordance with national guidelines. 22 These services include family planning, ANC, referral of complicated pregnancies and institutional deliveries. All hospitals, health centers and some health posts have family planning, antenatal care and conduct deliveries. Emergency obstetric care for complicated deliveries (including caesarean sections) is only offered at the district hospital. There is one district ambulance that transports patients from peripheral health centers to the district hospital. Reproductive health management aligns with WHO guidelines. 23 According to these guidelines, women are expected to complete three or more ANC visits during pregnancy and at least 90% of all deliveries are expected to be done in health facilities with a minimum of 5% through caesarean section. 23 
Study population and period
The study population included all 187 094 women of reproductive age (15-45 year old) presenting to all health facilities in Macenta district either for family planning visits, ANC visits, or deliveries over the study period. The study period included a preEbola 
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Data collection, validation and analysis
Data captured included number of family planning visits by type of method, number of ANC visits (first visit and third [or more] visits), number of institutional deliveries (and caesarian sections), maternal outcomes (discharged, death, referred) and newborn outcomes (discharged, death, stillbirth). Data were sourced from district health committee reports and registers. Ebola-related data were sourced from Ebola situation reports of the Ministry of Health, Guinea. Statistics on the number of Ebola cases per month in Macenta district were also collected to identify the peak outbreak periods in the district. Data were entered into a dedicated Microsoft Excel database (Microsoft Corp., Redmond, WA, USA) and analyzed using EpiData (version 2.2.2.182, EpiData Association, Odense, Denmark). Data were cross-validated with health facility registers. Data collection covered May to July 2016.
Trends in the monthly numbers of family planning visits, ANC visits and institutional deliveries were described across the pre, intra and post-Ebola periods. The monthly mean numbers and standard deviations (SD) of these services were compared between the pre and post-Ebola periods to identify any recovery gap (i.e., failure in recovering the pre-Ebola level). Proportions of delivery outcomes were also compared between the pre and the intra-Ebola periods, and between the pre and the postEbola periods. Comparions between pre and post-Ebola involved 5 months of the same period of the year to take into consideration the possible influence of seasonal differences. Differences in means and in proportions were estimated using the t test and the χ 2 test respectively. The level of significance was set at p≤0.05 with a 95% confidence level.
Results
Trends in numbers of family planning visits by type of family planning method Figure 1 shows the trends in family planning visits during the pre, intra and post-Ebola periods.
From a mean of 531 visits per month in the pre-Ebola period, there was a 47% increase during the first three months of the Ebola outbreak. A decline then ensued to a low of 242 visits in September 2014, the peak month of the Ebola outbreak (a 51% drop from pre-Ebola levels). In the post-Ebola period, the trend recovered back to a monthly mean of 503 visits (SD=66), which is 98% of the pre-Ebola level (513 visits, SD=35, p=0.573). Similar patterns were observed across the different family methods used, except for implant and intrauterine device (IUD), which did not vary.
Trends in numbers of antenatal care visits
During the intra-Ebola period, first ANC visits fell steeply from a monthly mean of 2053 pre-Ebola to a low of 842 visits (59% decline) in September 2014 (the peak of the Ebola outbreak, Figure 2) . A gradual increase in first ANC visits then followed to a mean of 1260 visits per month in the post-Ebola period -a decrease of 37% compared to pre-Ebola levels. The mean number of first consultations post-Ebola (1260, SD=21) was significantly lower than pre-Ebola (1987, SD=34, p<0.001). The third (or more) ANC visits followed similar trends as the first ANC visits. 
Trend in numbers of institutional deliveries including caesareans
From a monthly average of 1223 deliveries pre-Ebola, there was a 62% decline to 464 deliveries in October 2014 (during peak Ebola period) (Figure 3) . This improved to a mean of 792 visits per month in the post-Ebola period. The mean number of institutional deliveries post-Ebola (791, SD=26) was significantly lower than pre-Ebola (1203, SD=38, p<0.001), representing a recovery gap to the pre-Ebola level of 34%. A declining trend in Caesarean sections was also seen during the Ebola outbreak which was most pronounced during the peak of the Ebola Table 1 shows maternal and newborn outcomes across the preEbola, intra-Ebola and post-Ebola periods. Maternal deaths were low and remained similar across the three periods (0.1-0.2%, p>0.05). Adverse newborn outcomes (deaths and stillbirths) were also low across the periods (range 1.1-1.7%) but higher in the post-Ebola period as compared to the pre-Ebola period (p<0.01).
Maternal and newborn outcomes of institutional deliveries
Discussion
This is one of the first studies from one of the worst Ebola affected countries of West Africa assessing trends in utilization of reproductive health services before, during and after Ebola at health district level. It showed that the three pillars, i.e., family planning, antenatal care, and institutional deliveries, were all drastically affected by the Ebola outbreak with declines in service utilization. Considerable recovery gaps persisted in the post Ebola period for antenatal care and institutional deliveries.
The findings about the recovery gaps are important as they herald possible reversal of hard gains made towards achieving the Millennium Development Goals of reducing maternal and child mortality and improving access to family planning services. 24 It also puts Guinea at a relative disadvantage in achieving the newly declared Sustainable Development Goal (SDG) target of achieving universal coverage to sexual and reproductive health services by the year 2030. 25 In a country where the pre-Ebola maternal and child mortality rates were among the highest worldwide, these findings really indicate the need for further work to recover previous gains and improve toward achieving the SDG.
The study findings have a number of policy and practice implications. First and interestingly, there was a 47% spike in uptake of family planning methods during the first three months of the Ebola outbreak as compared to the mean preEbola number of family planning visits. Further investigation is needed to explain this finding. The subsequent and drastic decline observed thereafter is a likely reflection of health system failure due to reduced access and utilization of health services for various reasons. In the regions of Conakry and Nzérékoré in Guinea, utilization of family planning services fell to 53% in December 2014 (during EVD outbreak) compared to 75% in October 2013 (before the outbreak). 10 A more recent study by Delamou et al. in the Forest region of Guinea has confirmed a significant decline of most maternal and child health indicators and urged for targeted interventions to recover the pre-EVD outbreak trend. 26 We do not know the exact reasons behind these fluctuations in service utilization, but community fear of visiting health facilities, repurposing of staff to Ebola related activities, possible stock outs of family planning methods or other factors may be to blame. These aspects merit further investigation. Gradual recovery to almost pre-Ebola levels in the period following the outbreak is reassuring. This is likely explained on the one hand by the positive health seeking behavior further to many interventions on community sensitization about heath services utilization, and the other hand by the regular supply of drugs and devices for family planning became more accessible.
Second, drastic declines in antenatal visits and institutional deliveries were observed during the Ebola outbreak which did not recover in the post-Ebola period. Recovery gaps were 37% for antenatal care visits and 34% for institutional deliveries. These gaps are worrying and may be explained by increased recourse to alternative care providers such as traditional birth attendants for ANC and delivery. It may also be a direct result of lower health care worker availability due to health worker deaths. An effective deployment of the 2950 healthcare workers recruited in August 2016 in the Country, as civil servants 27 should be key to addressing this issue. The recovery gaps observed through this study have important public health implications in terms of coverage. For example with a pre-Ebola first visit antenatal coverage in Guinea hovering around 85%, 19 a post-Ebola recovery gap of 37% would imply coverage declining to 53%. Similarly, with institutional deliveries being 40% 4 prior to the Ebola outbreak, a recovery gap of 34% would have brought this level to 24%. Reversing these losses requires active promotion of antenatal care and institutional deliveries coupled with the needed resources to make this an operational reality. Specific qualitative research is also needed to better understand provider, patient and community perspectives in improving health service utilization so as to guide health systems recovery.
Finally, although maternal deaths and adverse newborn outcomes were rare, these figures are likely to be largely underestimated since we did not capture data on community level deaths. According to Evans et al., 28 maternal mortality could have increased by 38% in Guinea during the Ebola outbreak due to the reduction in health staff associated with the outbreak. Pregnant women arriving at health facilities for delivery during Ebola might have been those with relative survival benefit and those who were more ill might have died in the community. As we move towards the era of the SDGs, accurate registration of births and deaths at the community level through improved vital registration systems is primordial. 29 This study has some limitations. We did not have population level denominators and were thus unable to estimate coverage indicators for reproductive health services. Available data on maternal and newborn outcomes were also restricted to health facility level and we have no idea of deaths that might have occurred at community level. However, the study strengths are that it included all health facilities in one of the largest districts; the pre, intra and post Ebola periods allowing comparison of trends; and it adheres to STROBE guidelines on reporting. 30 The study also responds to an identified national operational research priority and is thus useful to influence policy and practice.
Conclusions
In conclusion, this study has provided sober insight into the current state of affairs of reproductive health services and particularly the lack of recovery of antenatal care utilization and institutional deliveries after the Ebola outbreak in a rural district of Guinea. It also highlights the need for efforts to maintain vital health services during outbreaks. We call for stronger political will, international support and generous funding to change the current state of affairs.
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